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Ground arthropods are abundant in urban ecosystem, but our understanding of their ecological traits is
limited. The aim of this study is to clarify the effect of urbanization on ground arthropod communities.
Ground arthropods were monitored weekly at six sites (Site 1: Yamato River riverbank; Site 2: Daisen
Park; Site 3: Oizumi Ryokuchi Park; Site 4: Osaka Prefecture University campus; Site 5: paddy ﬁeld; and
Site 6: town forest) from April 2005 to December 2005. A total of 221,000 individuals of ground
arthropods belonging to 19 orders were identiﬁed in the dataset. Isopoda, including Porcellionidae and
Armadillidiidae, was the ﬁrst dominant order and 195,161 individuals were collected, representing 88.3%
of the total. The mean density of ground arthropods in Sites 1e4, urbanized areas, was much higher than
that in paddy ﬁeld and town forest. The pattern of ground arthropod community in riverbank did not
differ from those of urban park, urban forest area, and university campus. Our ﬁndings showed that
ground arthropods tend to increase biomass in urban areas and some speciﬁc groups in areas urbanized
and disturbed by human activities.
Copyright  2015, National Science Museum of Korea (NSMK) and Korea National Arboretum (KNA).
Production and hosting by Elsevier. This is an open access article under the CC BY-NC-ND license (http://
creativecommons.org/licenses/by-nc-nd/4.0/).Introduction
The nature of ecosystems in the vicinity of urban areas is
undermined due to the expansion of cities, and such ecosystems are
continuously disturbed by human activities (McKinney 2002;
Alaruikka et al 2003). Habitats of wild animals have rapidly dete-
riorated, as they have disappeared, fragmented, or isolated during
urbanization and their populations have become extinct locally
(McIntyre et al 2001; McKinney 2008; Lee and Kwon 2013; Lee et al
2015). Urbanization and its impact are one of the most critical
challenges that humans are facing (Magura et al 2013). The urban
population worldwide increased from 746 million in 1950 to 3.9
billion in 2014, and 2.5 billion people will be added to the popu-
lation by 2050 (United Nations 2014).
The study of biotic communities on urban ecosystems is
important for evaluating the impact of urbanization onwild animal
habitats and preserving biodiversity in urban areas (Niemelä et alee).
useum of Korea (NSMK) and
National Science Museum of Korea
license (http://creativecommons.2000; George and Crooks 2006; Rubèn and Ian 2009; Sattler
et al 2011). It is essential to understand how urbanization affects
species richness, species composition, populations, and commu-
nities, because changes in community attributes inﬂuence the
structures and functions of ecosystems (Bang and Faeth 2011).
Ground arthropods are sensitive to disturbance caused by humans
and biological and nonbiological environmental changes because
they have a relatively short lifecycle (McKinney 2008; Magura et al
2013). Many ground arthropods have limited mobility, are closely
related to vegetation and soil environment, and play the roles of
consumers, detritivores, carnivores, parasites, and herbivores.
Therefore, ground arthropods are considered to be an ideal indi-
cator for evaluating urbanization (McIntyre 2000; Magura et al
2008; Bang and Faeth 2011). Many studies on the impact of
urbanization are usually conducted at the species level such as
Isopoda, Carabidae, Cerambycidae, and Araneae (Gaublomme et al
2008; Lee and Ishii 2009; Sattler et al 2011; Lee and Kwon 2013;
Magura et al 2013). However, studies on responses of the entire
ground arthropods communities were not enough (McIntyre et al
2001; Bang and Faeth 2011). Therefore, this study conducted a
survey at a riverbank, urban park, urban forest area, paddy ﬁeld,
university campus, and town forest in southern Osaka. The impact(NSMK) and Korea National Arboretum (KNA). Production and hosting by Elsevier.
org/licenses/by-nc-nd/4.0/).
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ﬁndings.Materials and methods
Study sites
The survey was conducted using pitfall traps in the six areas:
Yamato River riverbank (Site 1), Daisen Park (Site 2), Oizumi Ryo-
kuchi Park (Site 3), Osaka Prefecture University campus (Site 4),
paddy ﬁeld (Site 5), and town forest (Site 6) (Figure 1). The over-
view of vegetation and environment of each site is as follows:
Site 1 (Yamato River riverbank) is located on the riverbank of
both sides on Kyouki bridge over the Yamato River (left bank:
Matsubara City; right bank: Osaka City). A total of 20 traps were set
up on the left bank: 10 in the vegetation area dominated by
Phragmites karka and Salix sp. and 10 in the recreation ground with
a wide vacant lot. In the right bank, 20 traps were set up in an area
dominated by herbs such as Arundinella hirta and Cayratia japonica.
Site 2 (Daisen Park), a green area of about 35 ha, is located in
Sakai city close to Nintoku Royal Tomb, which is interspersed with
small ancient tombs. A total of 50 traps were set up in Site 2: 10 in a
grassland dominated by herbs such as Acer buergerianum and
Digitaria ciliaris; 10 in a Phyllostachys pubescens forest; 10 in an area
where Quercus glauca, Quercus serrata, and Quercus myrsinaefolia
are vegetated; 10 in a grassland where deciduous trees such as
Pterocarya rhoifolia are vegetated and dominated by Solidago altis-
sima; and 10 in an area where deciduous trees such as Rhododen-
dron hirado azarea and Prunus jamasakura are vegetated.
Site 3 (Oizumi Ryokuchi Park), an urban open space of about
88 ha, is located in eastern Sakai city and southwestern Matsubara
city, and 300,000 trees belonging to about 200 species are vege-
tated. A total of 40 traps were set up: 10 in a lawnwhere Euonymus
japonica is planted, 10 in a grassland where deciduous trees such as
A. buergerianum are planted and dominated by herbs such as
C. japonica, 10 in a Q. glauca forest, and 10 in an area where Ulmus
parvifolia and Zelkova serrata are vegetated and dominated by herbs
such as Setaria viridis.
Site 4 (Osaka Prefecture University campus), a university campus
of about 49 ha, is located at the central part of Sakai city and
composed of a rice paddy, an orchard, and a pond. A total of 40 trapsFigure 1. Location of six studywere set up: 10 in an areawhere deciduous trees such as Pterocarya
stenoptera and evergreens such as Q. glauca are vegetated, 10 in a
lawn where a couple of Zelkova serrata are vegetated, 10 in an area
where deciduous trees such as Ginkgo biloba are vegetated and
dominated by herbs and short rice such as D. ciliaris, and 10 in an
area adjacent to a vineyard (Vitis sp.) and dominated by short herbs
such as Persicaria longiseta.
Site 5 (paddy ﬁeld) is a rice paddy located at Tomikura area in
southern Sakai city. It is dotted with secondary forests dominated
by Q. glauca, and rice is cultivated from April to September. A total
of 30 traps were set up in four places in the rice paddy, and two
places between secondary forests and the rice paddy.
Site 6 (town forest), dominated by Quercus serrata and Quercus
acutissima, is an area located at Hachigamine area in southern Sakai
city and adjacent to town forest and rice paddy where Pleioblastus
chino var. viridis is vegetated at a forest ﬂoor. A total of 40 traps were
set up: 20 at forest edges of the town forest and 20 in the rice paddy.Survey method
The survey was carried out from April 2012 to December 2012
using pitfall traps. A plastic cup (diameter 7 cm, depth 10 cm) was
used to make a trap without using any bait, and ﬁve holes were
made to avoid rainwater. The traps were set up in a row at intervals
of 5 m at each survey site, and their opening parts were set at the
same height from the ground. They were set for a week and sur-
veyed for a total of 38 times at each survey site. As some traps were
lost during the survey, 1392, 1370, 1084, 1349, 1063, and 1488 traps
were collected from Sites 1e6.
This study identiﬁed every ground arthropod up to the order
level and up to the family level for Stylommatophora, Isopoda,
Hymenoptera, and Coleoptera. In this study, to evaluate biomass
(dry weight), ground arthropods were dried at 60C for 48 hours
using an air dryer (Samyang, Osaka, Japan), and an automatic scale
(A and D, HR-60, precision¼ 0.1 mg) was used to measure the
weight.Land-use pattern
A 1:5000 scale map published in 2001 by the Geospatial Infor-
mation Authority of Japan was used to analyze the surroundingsites in southern Osaka.
Table 1. Mean density (number of individuals per 10 traps) of ground arthropods collected at six study sites in southern Osaka
Species Dry weight
(N, average SE)
Site 1 Site 2 Site 3 Site 4 Site 5 Site 6 Whole site
Stylommatophora 0.45 (63) 0.24 (33) 0.43 (47) 1.08 (146) 0.11 (12) 0.08 (12) 0.40 (313)
Clausiliidae 11, 0.014 0.002 0.34 (48) 0.14 (19) 0.03 (3) 0.01 (2) 0.11 (12) 0.07 (11) 0.12 (95)
Philomycidae 10, 0.069 0.005 0.11 (15) 0.10 (14) 0.41 (44) 1.07 (144) d 0.01 (1) 0.28 (218)
Araneae 30, 0.034 0.002 2.87 (399) 1.93 (264) 1.36 (147) 2.59 (350) 1.78 (189) 2.16 (321) 2.16 (1670)
Isopoda 322.23 (44,855) 352.93 (48,351) 426.79 (46,264) 407.63 (54,989) 2.28 (242) 3.09 (460) 251.98 (195,161)
Porcellionidae 30, 0.034 0.002 77.90 (10,843) 12.36 (1694) 8.83 (957) 27.15 (3662) 0.39 (41) 1.98 (294) 22.58 (17,491)
Armadillidiidae 30, 0.034 0.002 244.34 (34,012) 340.56 (46,657) 417.96 (45,307) 380.48 (51,327) 1.89 (201) 1.12 (166) 229.40 (177,670)
Amphipoda 30, 0.004 0.0003 1.61 (224) d d 0.10 (14) d d 0.31 (238)
Julida 7, 0.019 0.003 0.01 (2) 0.01 (1) d 0.01 (1) 0.15 (16) 0.93 (139) 0.21 (159)
Polydesmida 23, 0.07 0.017 0.22 (30) 1.10 (151) 2.82 (306) 0.30 (41) 0.11 (12) 1.26 (188) 0.94 (728)
Scutigeromorpha 5, 0.004 0.002 0.01 (2) 0.09 (13) 0.01 (1) 0.04 (5) 0.02 (2) 0.01 (2) 0.03 (25)
Scolopendromorpha 10, 0.042 0.008 0.11 (15) 0.12 (16) 0.05 (5) 0.08 (11) 0.04 (4) 0.09 (14) 0.08 (65)
Lithobiomorpha 2, 0.002 0.0002 0.01 (2) 0.03 (4) 0.02 (2) 0.01 (1) 0.01 (1) 0.06 (9) 0.02 (19)
Thysanura 1, 0.001 d d d 0.01 (1) d 0.05 (8) 0.01 (9)
Blattodea 1, 0.01 d 0.28 (38) 0.05 (5) d d d 0.06 (43)
Orthoptera 10, 0.111 0.025 0.65 (91) 0.07 (10) 0.92 (100) 0.16 (22) 0.13 (14) 0.03 (5) 0.31 (242)
Phasmida 1, 0.02 d d d d d 0.01 (1) 0.001 (1)
Dermaptera 30, 0.043 0.013 0.71 (99) 2.72 (373) 3.15 (341) 1.90 (256) 0.05 (5) 0.07 (10) 1.40 (1084)
Hemiptera 30, 0.013 0.003 1.26 (175) 1.18 (162) 1.39 (151) 0.47 (64) 0.65 (69) 0.15 (23) 0.83 (644)
Neuroptera 4, 0.017 0.002 d 0.04 (5) 0.01 (1) 0.01 (2) d 0.01 (1) 0.01 (9)
Hymenoptera 6.85 (953) 7.03 (963) 3.93 (426) 5.92 (799) 5.84 (620) 3.48 (518) 5.52 (4279)
Formicidae 13, 0.0005 0.0001 6.85 (953) 7.03 (963) 3.93 (426) 5.92 (799) 5.84 (620) 3.48 (518) 5.52 (4279)
Lepidoptera 12, 0.053 0.008 1.70 (236) 0.28 (39) 0.39 (42) 0.51 (69) 0.13 (14) 0.32 (47) 0.58 (447)
Coleoptera 17.13 (2384) 16.87 (2311) 54.43 (5900) 16.25 (2192) 12.59 (1337) 11.69 (1740) 20.48 (15,864)
Carabidae 30, 0.068 0.017 8.33 (1160) 3.91 (535) 5.90 (640) 4.16 (561) 4.37 (464) 10.24 (1524) 6.31 (4884)
Brachinidae 30, 0.084 0.004 0.37 (51) d 1.53 (166) 0.09 (12) 0.02 (2) 0.05 (8) 0.31 (239)
Dytiscidae 1, 0.001 d d d d 0.02 (2) d 0.003 (2)
Hydrophilidae 1, 0.003 d d d d 0.06 (6) d 0.01 (6)
Histeridae 30, 0.027 0.01 0.05 (7) 0.15 (21) 0.65 (71) 0.04 (6) 1.34 (142) d 0.32 (247)
Silphidae 30, 0.09 0.005 0.04 (5) 0.07 (10) 24.16 (2619) 0.07 (10) d 0.04 (6) 3.42 (2650)
Staphylinidae 30, 0.016 0.003 0.80 (112) 1.11 (152) 0.44 (48) 0.70 (94) 0.07 (7) 0.12 (18) 0.56 (431)
Lucanidae 1, 0.034 d d d d 0.01 (1) 0.01 (1) 0.003 (2)
Scarabaeidae 30, 0.018 0.002 2.27 (316) 8.92 (1222) 15.99 (1733) 3.60 (485) 0.64 (68) 0.29 (43) 4.99 (3867)
Elateridae 16, 0.088 0.041 3.18 (443) 0.74 (102) 1.01 (109) 5.84 (788) 0.03 (3) 0.01 (1) 1.87 (1446)
Dermestidae 3, 0.001 0.0001 0.01 (1) 0.04 (6) 0.02 (2) 0.07 (10) 0.05 (5) 0.06 (9) 0.04 (33)
Melyridae 1, 0.005 0.01 (2) d d d d 0.01 (1) 0.004 (3)
Nitidulidae 4, 0.01 0.005 d 0.08 (11) 0.24 (26) 0.04 (5) 0.01 (1) 0.02 (3) 0.06 (46)
Cryptophagidae 3, 0.001 0.0005 0.01 (1) 0.03 (4) d 0.09 (12) d d 0.02 (17)
Corylophidae 2, 0.002 0.001 d d 0.01 (1) d d d 0.001 (1)
Endomychidae 3, 0.002 0.0004 0.29 (41) d d d d d 0.05 (41)
Coccinellidae 2, 0.008 0.005 0.02 (3) 0.01 (1) d 0.01 (2) 0.04 (4) d 0.01 (10)
Tenebrionidae 14, 0.017 0.001 1.31 (182) 1.69 (232) 4.21 (456) 1.41 (190) 5.08 (540) 0.56 (84) 2.17 (1684)
Alleculidae 4, 0.006 0.002 0.01 (1) d d d 0.53 (56) d 0.07 (57)
Anthicidae 1, 0.002 0.01 (1) d 0.02 (2) d d d 0.004 (3)
Cerambycidae 1, 0.479 d d d d d 0.007 (1) 0.001 (1)
Chrysomelidae 2, 0.051 0.02 0.22 (30) 0.01 (1) 0.01 (1) 0.05 (7) 0.02 (2) 0.05 (7) 0.06 (48)
Curculionidae 6, 0.014 0.004 0.15 (21) 0.04 (6) 0.09 (10) 0.07 (10) 0.32 (34) 0.22 (33) 0.15 (114)
Scolytidae 9, 0.0002 0.0001 0.05 (7) 0.06 (8) 0.15 (16) d d 0.01 (1) 0.04 (32)
Total number of orders 15 16 15 17 14 17 19
Density (total number
of individuals)
355.8 (49,530) 384.9 (52,734) 495.7 (53,738) 437.1 (58,963) 23.9 (2537) 23.5 (3498) 285.3 (221,000)
SE ¼ Standard error.
The total number of individuals collected at each site is shown in parentheses.
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within 500 m of each site based on its edge. Land use was classiﬁed
into eight categories: forest, paddy, ﬁeld, park and green space,
river and pond, open space, urban area, and road. Then, the ratio of
the total number of pixels of 500mwas calculated by the number of
pixels of each category using Adobe Photoshop 7.0 (1990-
2005Adobe Systems Incorporated, United States and/or other
countries).Data analysis
Relationships between ground arthropod communities and
landscape patterns were investigated with detrended correspon-
dence analyses (Hill and Gauch 1980). We used unconstrained
detrended correspondence analyses to consider the completespecies data variation and to avoid the problem of local minima
occurring in nonmetric multidimensional scaling (Leyer and
Wesche 2007). The multiresponse permutation procedure (MRPP)
was used for testing the connection between the surrounding
environment and community grouping. In theMRPP, a permutation
test is conducted to evaluate the differences between or among
groups of sample units based on within-group similarities. Corre-
spondence analysis (CA) and Multi-response permutation pro-
cedures (MRPP) were conducted using PC-ORD (version 5.17)
(McCune and Mefford 1999).Results
A total of 221,000 individuals of ground arthropods belonging to
19 orders were collected from the six sites at southern Osaka, and
CM Lee, TS Kwon / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 343e348346the mean density (the number of individuals per 10 traps) was
285.3 (Table 1). Site 3 showed the highest mean density (495.7),
followed by 437.1 in Site 4, 384.9 in Site 2, and 355.8 in Site 1, while
Site 5 (23.9) and Site 6 (23.5) showed a low mean density. The
number of the orders of ground arthropods in each site was in the
range of 14e17: 17 in Sites 4 and 6, 16 in Site 2, 15 in Sites 1 and 3,
and 14 in Site 5.
Isopoda was the ﬁrst dominant order with 195,161 (251.98) in-
dividuals in all sites, representing 88.3% of the total, followed by
Coleoptera (7.2%), Hymenoptera (1.9%), Araneae (0.8%), and Der-
maptera (0.5%); and these ﬁve orders made up 98.7% of the total
individuals. As for Isopoda, Porcellionidae and Armadillidiidae
were collected, but the number of the latter was 10 times higher
than that of the former. Twenty-four families belonging to Cole-
optera were collected, and among them, the number of Carabidae
was highest with 4994 individuals (30.8% of Coleoptera), followed
by Scarabaeidae (24.4%), Silphidae (16.7%), Tenebrionidae (10.6%),
and Elateridae (9.1%). Five dominant families accounted for 91.6% of
the total individuals of Coleoptera. Meanwhile, less than 10
individuals of Thysanura, Phasmida, Neuropter, Dytiscidae,
Hydrophilidae, Lucanidae, Melyridae, Corylophidae, Coccinellidae,
Anthicidae, and Cerambycidae were collected.
The three dominant orders in Sites 1e4 were in the order of
Isopoda, Coleoptera, and Hymenoptera, and these three orders
accounted for 97e98% of the individuals at each site; however,
fourth and ﬁfth orders differed by site: Araneae and Lepidoptera
(Site 1), Dermaptera and Araneae (Site 2), Dermaptera and Poly-
desmidae (Site 3), and Araneae and Dermaptera (Site 4). Mean-
while, the top three orders observed in Sites 5 and 6 were in the
order of Coleoptera, Hymenoptera, and Isopoda. The proportion of
Isopodawas small, and the proportions of the individuals of the top
three orders were smaller with 86.7% (Site 5) and 77.7% (Site 6).
Araneae was the fourth dominant order in both Site 5 and Site 6,
while the ﬁfth dominant order varied, with Hemiptera in Site 5 and
Polydesmida in Site 6; the proportion of the top ﬁve orders were
97% and 93%, respectively, in Sites 5 and 6.
The mean density of order or family was calculated using
biomass (mean dryweight per 10 traps; Figure 2). Site 3 showed the
highest mean biomass with 18.1 g, followed by Site 4 (14.5 g), Site 2
(12.8 g), Site 1 (12.0 g), Site 6 (1.0 g), and Site5 (0.6 g). The tendency
of mean biomass was similar to that of the mean density, and sites
(Sites 1e4) in urban areas including riverbank and university
campus showed a higher amount of biomass, whereas the amount
of biomass in paddy ﬁeld and town forest (Sites 5 and 6) was small.
An analysis of land use around study sites using GeographicFigure 2. Biomass (density  dry weight) of arthropods collected at six study sites in
southern Osaka.information system (GIS) showed that urban areas made up the
highest proportion of land in Sites 1e4, paddy of Site 5, and forest of
Site 6 (Table 2).
Ordination plots of ground arthropod communities were gath-
ered in Sites 1e4, whereas these were scattered in Sites 5 and 6
(Figure 3). The two axes explained 77.2% and 12.3% of the total
variance. The ﬁrst axis is in a positive correlation with forest
(r¼ 0.914), paddy (r¼ 0.740), and ﬁeld (r¼ 0.693), but in a negative
correlation with open space (r¼0.573) and urban area
(r¼0.973). Among arthropods, Armadillididae (r¼0.963),
Staphylinidae (r¼0.843), Dermaptera (r¼0.812), Hemiptera
(r¼0.692), and Scarabaeidae (r¼0.633) showed a relatively
high negative correlation with the ﬁrst axis, whereas Lucanidae
(r¼ 0.999), Curculionidae (r¼ 0.902), and Julida (r¼ 0.746) showed
a positive correlation. A comparison of connectivity by grouping
urban park, urban forest area, and university campus (Sites 2, 3, and
4), and riverbank, paddy ﬁeld, and town forest (Sites 1, 5, and 6)
using MRPP showed no statistically signiﬁcant difference
(A¼ 0.278, p¼ 0.057).
Discussion
There was no signiﬁcant difference in the number of orders of
ground arthropods between the sites, but there was a signiﬁcant
difference in biomass. There was greater biomass of ground ar-
thropods in the riverbank, urban park, urban forest area, and uni-
versity campus, where urbanization occurred, compared to that in
the paddy ﬁeld and town forest. This was because Porcellionidae
and Armadillidiidae of Isopoda were abundant in the riverbank,
urban park, urban forest area, and university campus. Several
previous papers pointed out that disturbances have caused signif-
icant changes in community structure, species richness, and
abundance of Isopoda (Pitzalis et al 2005; Magura et al 2008). Ac-
cording to the study of Magura et al (2008), urban parks are habi-
tats that the urban environment specialist Porcellio scaber prefers to
inhabit most, and the abundance of this species wasmuch higher in
urban areas than in suburban and rural areas. This species was
found only in human residences due to heat island effect and moist
shelters, and it is known to have tolerance to heavy metals causing
air pollution (Paoletti and Hassall 1999; Magura et al 2008). We did
not identify Isopoda up to the species level, but we assume that this
species with ecological characteristics shown in the results of
previous studies dominates urban areas, and a further study is
necessary to identify it up to the species level.
When comparing the ordination plots of ground arthropod
communities, the ﬁrst axis is thought to show the impact of ur-
banization. In addition, Armadillididae, Staphylinidae, Dermaptera,
Hemiptera, Lucanidae, and Curculionidae showed relatively high
positive and negative correlations with this axis, will increase or
decrease according to the impact of urbanization. Magura et al
(2013) classiﬁed Staphylinidae to the species level, and species
richness of Staphylinidae in rural areas was approximately two
times smaller than that in urban areas. In addition, as a result of
classifying according to ecological characteristics, species richness
of forest species, hygrophilous species, saprophilous species,
myrmecophilous species, phytodetriticol species, and mycetophi-
lous species was smaller in urban areas than in rural areas, but that
of thermophilous species in urban areas was higher than in rural
areas. In studies on the impact of urbanization using ground beetles
in Japan, Finland, and Belgium, species richness was lower in urban
areas than in rural areas (Niemelä et al 2002; Ishitani et al 2003;
Gaublomme et al 2008). Although several previous studies were
conducted to clarify the impact of urbanization at the species level,
this study showed that the order or family level can reveal the
impact of urbanization. McIntyre et al (2001) also reported that
Table 2. Area (ha) and percentage of land-use categories within the range of 500 m from the edge of six study sites.
Land-use category Site 1 Site 2 Site 3 Site 4 Site 5 Site 6
Area (ha) % Area (ha) % Area (ha) % Area (ha) % Area (ha) % Area (ha) %
Forest 0.2 0.2 0 0 0 0 0 0 27.5 16.1 36.4 32.4
Paddy 1.1 0.9 1.3 0.6 43.6 16 9.3 4.1 55.2 32.4 14.8 13.1
Field 3.1 2.4 0.6 0.3 7.2 2.6 8.1 3.6 18.7 11 3.4 3.1
Park and green space 7.2 5.8 69.1 6.9 11.2 4.1 32.8 14.5 0 0 32 28.5
River and pond 24.7 19.8 0 0 9.5 3.5 10.6 4.7 7.3 4.3 4.2 3.7
Open space 12.5 10 13.4 6.2 26.8 9.8 16.1 7.1 12 7 5.4 4.8
Urban area 61.7 49.3 117.3 54.1 150.5 55.2 130.7 57.9 33.1 19.5 7.7 6.8
Road 14.5 11.6 15.2 7 24 8.8 18.3 8.1 16.4 9.7 8.5 7.6
Total 125.1 100 216.8 100 272.8 100 225.9 100 170.1 100 112.4 100
Figure 3. DCA ordination for ground arthropod communities. Vectors indicate environmental factors with an axis correlation r2 > 0.6, except for park and green space. Terms
written using small-sized letters indicate family or order names of ground arthropods. DCA¼Detrended correspondence analysis.
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use in an urban environment. Classiﬁcation of the species level
requires many studies on taxonomy and ecological characteristics
as well as a lot of time and money, whereas classiﬁcation of the
order or family level is relatively easy. In the future, classiﬁcation of
the order or family level will be useful when evaluating
urbanization.
As a result of comparing connectivity after classifying riverbank,
paddy ﬁeld, town forest and urban park, urban forest area, and
university campus into groups, no signiﬁcant difference was found.
Areas around the riverbank of Yamato River were almost residential
areas. The connectivity of an urban open space or park with sur-
rounding natural green areas is a very important issue because it isa crucial factor for maintaining and preserving the diversity of
arthropods in urban areas. However, the ﬁnding that there was no
signiﬁcant difference between ground arthropod communities in
the riverbank and those in urban areas was beyond our expecta-
tions, despite the unique connectivity of rivers. In a study on
ground beetles in the same area (Lee and Ishii 2009), species
richness of forest, open-habitat specialist, large-sized, and endemic
species decreased according to the impact of urbanization. There-
fore, specialist species that prefer a speciﬁc environment decrease
and generalist species that adapt to a disturbed environment
become dominant as urbanization increases. There are a limited
number of species that can adapt to such an urban environment
because the composition of ecosystems in urban areas is people
CM Lee, TS Kwon / Journal of Asia-Paciﬁc Biodiversity 8 (2015) 343e348348centered. Our ﬁndings suggest that it is necessary to maintain the
diversity of land, including paddy ﬁeld, farmland, and remnant
forest regions, to preserve biodiversity in urban areas.
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